Objective: This study aimed to evaluate balance disorders and potential risk factors for falling in patients with hypothyroidism, as well as postural stability and the risk of falling.
Balance disorders and hypothyroidism
Hypothyroidism is one of the most prevalent endocrine disorders and has a frequency in the general population of between 0.5 and 1%. Hypothyroidism can affect multiple physiological systems, but especially affects the central nervous system, the peripheral nerves and muscles and may cause various symptoms and signs within the neuromuscular system. These signs range from various myopathies and entrapment mononeuropathy causing neuropathic pain in a glove-stocking distribution to a sensorimotor polyneuropathy, and can give a varying clinical picture consisting of symptoms like muscle and joint pain, cramp, weakness and fatigue. [1] Besides its strong association with the risk of falls, hypothyroidism is known to be a major cause of cerebellar and gait ataxias. [2, 3] It is known that the frequency of neuropathy is between 10 and 70%, and that of myopathy between 20 and 80%, in cases of hypothyroidism. [4] Nonetheless, what is less recognised as a consequence of hypothyroidism, is the fact that, depending on the severity and duration of thyroid deficiency, various parts of the vestibular system, which play a key role in maintaining balance and postural stability, may be affected, resulting in vertigo, dizziness and other similar problems. [5] Polyneuropathies and other neuromuscular symptoms found in patients with hypothyroidism include insufficiency of motor and sensory function secondary to profound loss of superficial, vibrational and proprioceptive sensation, and may cause disordering of static and dynamic postural stability and hence increase the risk of falls. [6, 7] Despite the fact that a great many studies have been undertaken assessing postural stability and balance in patients with diabetes mellitus, one of the key causes of neuropathy, as far as the authors are aware, this kind of study has yet to be undertaken in patients with hypothyroidism. [6] Such a study, by clarifying postural stability, falls risk and associated risk factors in adults with hypothyroid illness would contribute to their recognition, treatment and management.
In our study, we aim to assess postural stability and the risk of falls in adult patients with known hypothyroidism by means of an objective computerised system.
Materials and Methods
This cross-sectional study was undertaken between November 2018 and April 2019 by the Physical Medicine and Rehabilitation (PMR), Neurology and Endocrinology divisions of the Atatürk University School of Medicine. The study protocol received ethical approval from the Medical Faculty of Atatürk University Ethics Committee (29.11.2018/7-1). Informed consent was obtained in writing from each participant. The study was conducted in accordance with the principles of the Declaration of Helsinki. The patients included in the study had a diagnosis of either subclinical or overt hypothyroidism according to endocrinological assessment, and were not confirmed to have any previous pathology in terms of postural stability or being at risk of falls. They received detailed clinical investigation by neurology specialists and neurological examination. Electromyography (EMG) did not indicate the existence of a polyneuropathy. The exclusion criteria for the study were: being unable to tolerate posturographic assessment or being unable to co-operate with it; having a previous history of orthopaedic or spinal surgery; suffering from a muscle disorder, movement disability, motor insufficiency, rheumatological disorders, degenerative osteoarthritis or diabetes mellitus; auditory or visual disorders; and any other type of pathology that could otherwise account for having a polyneuropathy. The control group consisted of individuals with normal thyroid function, and with no disorder that might cause balance problems. To evaluate thyroid functions, free T4 (FT4; normal range:0.61-1.12 ng/dl) and thyroid stimulating hormone (TSH; normal range:0.34-5.6 mIU/ml) levels were measured by the chemiluminescent enzyme immunoassay method. A level of TSH>5.6 uIU/ml or FT4<0.6 ng/dl was considered overt hypothyroidism, TSH>5.6 uIU/ml with FT4 in the normal range was considered subclinical hypothyroidism.
The sex, age, body mass index (BMI), any history of falls in the last year, the score on the Falls Efficacy Scale -International version (FES-I), score on the neuropathic pain questionnaire (DN4) and clinical symptoms (weakness, tiredness, morning stiffness, exercise intolerance, muscle and joint pain, diffuse pain and paraesthesia etc.) was recorded for all participants in the study. None of the patients stated they were using any medication which may cause balance problems. In addition, 25 of the patients were receiving thyroid hormone replacement therapy at a dosage of between 50-150 μg.
The Falls Efficacy Scale -International version (FES-I) is a questionnaire based on self-reporting that allows quantification of the level of concern about falls whilst undertaking daily activities. The reliability and validity of the Turkish version of FES-I has previously been evaluated by Ulus et al. [8] The DN4 scale consists of ten questions, each worth one point. Seven questions concern symptoms, whilst three are scored on physical examination. A total score of 4 or above is considered indicative of neuropathic pain. The Turkish language adaptation of the scale has been assessed for validity and reliability by Çevik et al. [9] The Tetrax Interactive Balance System (Sunlight Medical Ltd, Tel Aviv, Israel) was used to assess both postural stability and to perform the falls risk analysis, in both cases and controls. The technique used was that outlined in the user guide for the device. [10] In the Tetrax system, posturographic evaluation consists of a detailed investigation that allows calculation of the balance and falls risk indices. There are two configurations. Changes made to the centre of gravity are assessed in the stability index (SI). Fourier transformations are applied to the four independent wave signals gathered from the device's four platforms to separate out 8 frequency bands. The weight distribution index (WDI) is calculated from the footplate data, and compares the way the weight is distributed between left and right feet and between the heels and toes. By using the four measurements described above, and comparing them in eight separate positions, the postural performance analysis can be carried out. These 8 different positions are as follows: eyes open and closed, with head held upright (NO, NC); eyes open and closed, head down, whilst standing on the foot pads (PO, PC); head turning to right and left whilst the eyes are closed (HR, HL); and eyes closed whilst extending and flexing the neck to the full extent (HB, HF). Using all these postural measurements, the various parameters were then calculated. The parameters output from the Tetrax device may be used to calculate a falls index, which reflects the patient's risk of having a fall. This index takes into account the various mechanisms which normally should prevent falling. The value of the index is between zero and 100, allowing risk stratification into low (score of 35 or below), moderate (score between 36 and 57) and high (between 58 and 100) risk. [11] 
Statistical Analysis
The G* Power application was used to claculate the minimal sample size needed. This indicated that a minimum of 31 were needed as participants in the patient and control groups for the 95% confidence interval. A sample size of 50 for both the cases and controls was chosen in view of probable drop-outs from the study. Three volunteers from the control group left the study at the beginning because they were unwilling to provide blood samples. At the end of the study, 50 healthy volunteers and 47 cases completed the protocol.
The SPSS v. 23 statistical software package (SPSS Inc, Chicago IL, USA) was used for all statistical analyses. The Kolmogorov-Smirnov test was used to assess the normality of the data. The descriptive statistics generated were the mean±standard deviation for normally distrubuted data, the median (minimum-maximum) for non-normally distributed data and the number (as a percentage) for categorical data.
The independent samples t test and the Mann-Whitney U test were employed in group comparisons. The Chisquare test was used for 2x2 comparisons of variables of categorical type.
Results
In the cases group, 50 individuals participated, with a mean age of 41.7±11 years (range 19-61 years), of which 5 were males and 45 females. In the control group, matched for age and sex, 47 euthyroid individuals took part, with a mean age of 39±9.6 years (range 23-60 years), of which 11 were males and 36 females. See Table 1 .
The demographic and clinical characteristics, postural stability parameters and values for the risk of falling for both the cases and healthy controls are given in Table 1 . There was no significant difference between cases and controls, either in terms of age or gender (p>0.05), but the BMI of individuals in the cases group was higher at the level of statistical significance (p<0.05). The history of falls in the last 1 year was similar in both groups, with six hypothyroid individuals having a history of falling 14 times within the previous one year (p>0.05). FES-I scores were higher in the patient group, and this was a statistically significant difference between the groups (p<0.05). Mean FT4 and TSH levels in the patient group were 0.8±0.2 ng/dl and 9.3±12.2 mIU/ml, respectively. The control group's values for FT4 and TSH were 0.9±0.2 ng/dl and 1.8±1 mIU/ml, respectively. The FT4 level in the cases group was significantly lower, and the TSH significantly higher (p<0.05).
Coming to the evaluation of the groups in terms of neuropathic pain and clinical symptoms, it was seen that the values obtained on the DN4 scale were significantly higher (p<0.05), as were all other symptoms except morning stiffness in the group with hypothyroidism (p<0.05). The overall SI and WDI scores obtained for postural stability in the groups are shown for the eight positions. There was a significant difference between the groups (p<0.05) in the other SI values obtained, apart from NO-SI, but for the WDI values obtained, only HL-WDI was significantly dif-Balance disorders and hypothyroidism ferent (p<0.05). In the falls risk analysis performed by the computerised system, the fall risk category was found to be moderate (risk assessment: 53) in the cases group and was higher than the controls group at the level of statistical significance (p<0.05) ( Table 1 ). In the cases group, there were no significant correlations between sex, age, BMI, FES-I, DN4, FT4 or TSH level, clinical symptoms and the risk of falling (r<0.3; p<0.05). For the risk of falling, there was a weak positive correlation only amongst symptoms of paraesthesia and previous history of falls (r>0.3 with p<0.05 and r=0.281 with p<0.05, respectively). However, for postural stability and all values of SI, there was a significant positive association (r>0.03 with p<0.05). There was no demonstrable association between the values obtained for WDI and the risk of falling, except in the case of HL-WDI (r<0.3 with p>0.05). In addition, the risk of falling was discovered to be at a low level in the control group, and a significant positive correlation was found between the risk of falling and all SI values (p<0.05), ( Table 2 ).
Discussion
By using the objective computerised technique, postural stability was shown to be disordered and the risk of falling increased in individuals with hypothyroidism. This increase in the risk of falling had an association with hypothyroidism, but not with the levels of FT4 or TSH, or the other factors under investigation.
Balance and postural stability is a complex physiological function, encompassing various neuromuscular processes. Sensory input, sensory evaluation and the neuromuscular response need to be controlled. Sensory input involves the vestibular, visual and proprioceptive systems. For an effective motor response, an intact neuromuscular system and sufficient muscular strength are needed. [12] Hypothyroidism causes slowing of metabolic pathways, reduction in ATP synthesis, the inability to break down glycosaminoglycans, malfunction of the Na-K pumps and thus damage to axonal transport. It therefore leads to the neuromuscular and neurological problems that can be observed in the disorder. Hence hypothyroidism may be a cause for impairment of postural stability and an increase in the risk of falls occurring. [13] Factors that increase the risk of falling include advanced age (>65 years), being female, past falls and a fear of falling, living alone, having known medical problems, physical condition, impaired cognitive function, insufficient physi-cal activity, and environment, amongst multiple others. [14] For this study, the age and sex distribution of the groups were similar, the cases were aged 41 years on average, and there were no additional medical conditions which might impair balance or increase the risk of falling. Thus no correlation was discovered amongst them with the risk of falling. Although the mean BMI values of both groups were close and in both cases indicated the subjects were overweight, there was a significant difference between them. However, the authors do not consider this situation to be clinically significant since it is not amongst the risk factors associated with falling. Although the history of falls was higher in the patient group, the result lacked statistical significance. FES-I values were, however, found to be significantly higher. Despite this, a relationship with the risk of falling was not established. This situation may be attributed to clinical symptoms insufficient for neuropathy, the absence of a polyneuropathy according to EMG results, and the fact that participants were not of advanced age.
Although the pathogenesis of polyneuropathy in hypothyroidism has not yet been completely elucidated, it has been linked to the accumulation of mucopolysaccharides in the endo-and perineurium, segmental demyelination, aggregation of glycogen, axonal degeneration and similar mechanisms of injury. [15] [16] Neuropathy eventually results in superficial and deep sensory losses such as proprioceptive and vibration, and this sensory loss may cause the impairment of balance and postural stability, with a consequently raised risk of falling. As far as the authors are aware, there has been no study undertaken on postural stability and the risk of falling utilising an objective methodology in hypothyroid patients whose electrophysiological test results were normal and who lacked polyneuropathy. Diabetes mellitus is one of the leading causes of polyneuropathy and multiple studies concerning postural stability, balance problems and the risk of falls exist in the literature. In diabetes mellitus, disorders affecting the somatosensory system have been reported to produce postural problems, loss of balance and a subsequent increase in the risk of falls. [13, [17] [18] In addition, electrophysiological studies indicate that diabetic patients, even if they do not have a polyneuropathy, may lose their balance. [19] From this study, postural stability and the risk of falling can be seen to be affected in hypothyroid patients, even where polyneuropathy is not present.
Our research agrees with the literature in showing that, in hypothyroidism, the incidence of cramp rises [1,10- Balance disorders and hypothyroidism 12] , complaints of fatigue are at a rate of 40-70% [1, 4, 13] , and diffuse pain [4, 11, [14] [15] and paraesthesia increase in frequency. [6, 15] Even if, in theory, subclinical hypothyroidism is considered an asymptomatic disorder, our study agrees with the literature in revealing a clear increase in neuromuscular symptoms in such patients.
This study confirms the literature on hypothyroidism in showing a statistically significant rise in weakness, fatigue, exercise intolerance, muscle and joint aches, diffuse pain and symptoms of paraesthesia, in those with hypothyroidism, as compared to healthy controls. This was not shown for morning stiffness, however. However, with the exception of symptoms of paraesthesia, no correlation could be established between the risk of falling and these symptoms. There are studies available in the literature reporting that pain, weakness and fatigue have an adverse effect on balance [21] [22] [23] [24] [25] . The absence of a significant correlation in our study may arise from the fact that the cases group had no additional problems, were not advanced in age, possessed full muscular strength and may have exaggerated the symptoms to an extent, or for other similar reasons. It has been demonstrated in this study that complaints indicating paraesthesia, such as burning, numbness and tingling may increase the risk of falls through impairment of postural stability. [26] In our study, there was a significant difference in all the values of SI apart from NO-SI, but only the HL-WDI scores were significantly different amongst the WDI values. In the study, SI values were higher in the cases group. This indicates in a numerical form the changes in the parameters affecting balance, i.e. stance, muscle control and compensation that cannot be seen clinically. Higher values of the SI indicate a higher degree of imbalance in an individual, whereas a low SI indicates better balance and stability. Furthermore, the positive correlation found between all the parameters measured in the SI and the risk of falling indicate that balance plays a key role in determining an individual's risk of falling. In particular, where the PO-SI is more impaired than the NO-SI, which is a more straightforward position and reference point, this may show us that the patients cannot utilise their somatosensory systems (touch, proprioception and vibration sense etc) and are affected by the illness. In terms of the second of our parameters, the WDI, when there is an asymmetric distribution between the right and left feet, we can observe interactions between the heels and toe regions and between the two sides. High WDI is indicative of pathology, whilst values approaching zero indicate maximal postural stability, and are often produced by mechanisms responsible for attaining compensatory equilibrium. Although there was no significant difference between the groups, higher WDI values in the patient group could indicate that the compensatory mechanisms (e.g. somatosensory, visual and vestibular) in patients work less well than in the control group. Potentially, had the patients had greater symptoms or comprised more individuals, the difference between them might have reached statistical significance. The raised HL-WDI value (which was statistically significant) found in the patient group may indicate an undetected orthopaedic problem affecting the feet. There was also a subset of individuals within the control group, who fell into the low risk category for falling. In this group, there was a positive correlation between values on the stability index and the risk of falling. This correlation has no clinical significance, however, since there is no need to take precautions in a group with such a low risk of falls.
The elevated risk of falling observed in this study in patients with hypothyroidism may, we believe, arise from defects in the visual, vestibular or proprioceptive systems causing an impulse disorder. Due to the moderate risk of falls shown to exist in patients with hypothyroidism, patients should do regular exercise and be cautious when walking or running. Furthermore, when they are in contact with or walking on slippery surfaces, they need to take the necessary precautions to avoid falling. Advancing age, as well as various vitamin deficiencies, a rise in symptoms of neuropathy, the increase in degenerative disorder and, specifically in women, osteoporosis, can lead to fractures and their complications linked to falls. Our study may contribute to awareness of these problems and how to prevent them and thereby raise the quality of life.
One of the limitations of the study may be accepted as arising from the fact that some of the hypothyroid patients were already taking thyroid replacement therapy, and the group was not divided into two groups, subclinical or overt hypothyroidism, which may have permitted a better analysis.
Conclusion
In this study, it was found that postural stability was impaired and the risk of falling increased in hypothyroid patients. This increase in the risk of falling correlated with hypothyroidism but not with the level of FT4 or TSH, nor the other factors investigated. Accordingly, this increase in risk of falls may have occurred as a result of neuronal degeneration due to disease, even though the existence of a polyneuropathy is not reflected in electrophysiological tests. In addition, hypothyroidism should be considered as a possible cause of loss of balance, postural instability and increased risk of falls in patients without evidence of vestibular pathology.
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